Agriculture is a major income sector in the economy of India. Insect pests cause significant damage to the agricultural production. Human population is dramatically increasing in India and as well as in the developing world. With this projection, there exists a strict need for eco-friendly insect pest management in Indian agriculture to sustain the agricultural produce for future needs. This article highlights the present status and importance of bio-pesticides in agricultural sector in India. Synthetic chemicals are generally used to control insect pests, which cause harmful impacts on environment and non-target living systems including human beings. Bio-pesticides are natural and good alternative sources. However, few numbers of bio-pesticides or formulations are available in the market at present. Due to lack of innovative advancements in research and policies in India, biopesticides production and consumption is limited when compared to synthetic chemical pesticides. This article suggests enhancing technology oriented research and boosting biopesticides / formulations for increasing agricultural production in an eco-friendly manner.
Pesticides have been the most efficient weapons and play primary role in crop protection against agricultural pests. However, indiscriminate use of synthetic chemical pesticides over the years has adversely affected human health, non target organisms and environment, and has also enhanced development of pesticide resistance among pest species. Recently, the World Health Organisation's (WHO) estimate indicated that, 25 million cases of acute occupational pesticide poisoning in developing countries and 20,000 deaths world-wide each year. Insect pests are the major concerns among other groups of pests in agriculture. Controlling such insect pests is necessary to increase agricultural production. About 70,000 pest species including 9,000 sporadic insect species cause damage in agricultural crops worldwide. Globally, 1000 insect pest species are known as major pests and in India, 200 insect species are remarked as serious pests and are economically important. Without the use of pesticides, insect pests caused 70% losses in agriculture (Krattiger 1997) . Traditionally, farmers and practitioners have developed a variety of bio-pesticides, farming and storage practices that contribute either directly or indirectly to insect pest management. In India, about 70 traditional practices are followed for the control of insects and other pests (Ignacimuthu 2004 ). However, eco-friendly insect pest management in India is a difficult task in the current trend. Global pesticide use has increased 50-fold since 1950, with the drastic growth in human population. India is an agriculture-based developing country; nearly 60-70% of the people depend on agriculture. Human population is predicted to exceed 1.5 billion by 2050 in India. Now it is a challenge to increase food production with the reduction of insect destruction and infestation on an environmentally sustainable basis to combat growing needs of human population in the country. Pesticides play an important role in Indian agriculture to meet increasing demands for food and fibre. India is the 12th largest producer of chemical pesticides in the world. Figure 1 shows the production and consumption of synthetic chemicals in India during the period, 2006-2010. Of the total pesticides produced, the utilization of synthetic pesticides in India is about 50% on cotton crop alone followed by 17% on rice (Gahukar 1997) . Presently, the average per hectare consumption of pesticides in India is about 280 g/ha and consumption of pesticides is increasing at the rate of 2 to 5% per year. It is noteworthy that the consumption of chemical pesticides in India is very low (381 grams per hectare) when compared to the global consumption (500 grams per hectare) at present. Arora et al. (2009) pointed out that 40,000 metric tons of pesticides are used in India every year. More than 50% of consumption of pesticides are insecticides and the remaining percentage of consumption are herbicides and fungicides. Bio-pesticides are potential alternatives to synthetic chemical pesticides. It was known that, biopesticides are living natural enemy organisms and/or their products including plant and microbial products and/or their byproducts and they could reduce pest populations. In the present decade, biopesticides are widely acceptable and demanded for sustainable agriculture and for production of safer foods. It was significantly considered that, biopesticides are ecofriendly, target-specific, easily biodegradable and safer alternatives. Economically, chemical pesticides can be very expensive in comparison to bio-pesticides. Currently, in India 230 pesticides are registered under section 9(3) of the Insecticide Act, 1968 as on 17/06/2011 for use and technical grade pesticides are manufactured indigenously. However, bio-pesticides may represent about 4.2% of the overall pesticides market in India (Das, 2014) . Globally, biopesticides production is 4.5% and in USA it is 6%, whereas in India, it accounts only 3% of the total chemical pesticides production. Presently, only 12 types of biopesticides including neem based and microbial based formulations are registered under the Insecticide Act, 1968 in India. In Indian perspective, there is a needful demand to increase productivity of biopesticides for pest management and sustainable agriculture. Currently, phytochemical and natural product studies have led to the discovery of enormous number of compounds with a variety of chemical structures and bioactivities. Botanical pesticides are potential alternative sources and are not harmful and eco-safe. It is also known as 'phytochemical insecticides' and 'green-chemical insecticides'. In general, botanical insecticide investigators mostly concentrate on searching and screening of plant materials for insect pest management. In addition, newly emerging botanical insecticide scientists do follow the same research trend. Recently, Isman (2014) reported that, publications numbers are increasing in botanical insecticide research especially in India, China and Brazil; but the application value is less. An alternative way of research is required to fulfill the demand of production of botanical pesticides for promoting of organic farming and integrated pest management (IPM) in developing countries.
India possesses the largest diversity of plant species having 47,000 plant species and accounts for 7-8% of the recorded species in the world. New chemicals are being isolated and characterized every day from plant and other biological sources. Till date, more than 6,000 species of plants have been screened against various types of pests. There are about 1005 species of plants exhibiting insecticidal properties, 384 with antifeedant properties, 297 with repellent properties, 27 with attractant properties and 31 with growth inhibiting properties (Singh, 1999) . However, commercialization of phyto-chemicals and phyto-essential oils for insect pest management is very less. Challenges to the commercial application of plant based insecticides include availability of sufficient quantities of plant material, standardization and refinement of insecticide products, protection of technology (patents) and regulatory approval. Figure 2 shows comparison of consumption of bio-pesticides with other synthetic pesticides in India. In United States, pesticide registration policy and commercialization is greatly relaxed for commonly used plant oils as insecticides for processed foods. Some U.S. companies have introduced oil-based insecticides in recent years. Similarly, registration restriction regulations are required in India. Recently, Packiam et al., (2012) formulated and patented a phytopesticide 'Ponneem' for field crop insect pest management, and few pest control devices were developed and patented from Tamil Nadu Agricultural University (TNAU), Coimbatore for stored product insect pest management. Similarly, new more eco-friendly pesticides, pest control devices and strategies are required for promoting biopesticides for IPM and production of healthy and safe foods in India.
